Over the past decade, Southeast Asia has been subject to successive invasions by different species of mealybugs (Homoptera: Pseudococcidae). These include (1) the cassava mealybug (Phenacoccus manihoti Matile-Ferrero), a Neotropical parthenogenetic, oligophagous herbivore with broad climatic adaptability; (2) the papaya mealybug (Paracoccus marginatus Williams and Granara de Willink) a Nearctic sexual, polyphagous feeder; and (3) Pseudococcus jackbeardsleyi Gimpel & Miller, a Neotropical polyphagous species. Though all above species have colonized vast swathes of South East Asia's countryside, they have particularly affected cassava; a major food, feed, starch and bioenergy crop that's cultivated on >4 million ha regionally. Locally, cassava is grown in highly-heterogeneous settings -ranging from large-scale, intensified monocultures in the fertile lowlands of Vietnam and Thailand, to smallholder-managed shifting cultivation on degraded lands in the region's uplands. As a consequence, the edaphic conditions under which cassava is cultivated are highly variable. Though soil variables (e.g., texture, fertility, organic matter content) are thought to affect overall performance of the above mealybug species and their associated (endemic, or introduced) natural enemies, only scant information is available on these kinds of trophic dynamic processes, particularly in tropical agro-ecosystems. As a consequence, biological practitioners face important challenges to make reliable, context-specific inferences on pest pressure, natural enemy performance and efficacy of biological control.
witches broom disease (CWB), a phytoplasma disease that is common across the region. Field-level abundance of each mealybug species was mapped along a soil fertility gradient, and also contrasted with site-specific measures of parasitism in the case of P. manihoti.
Pot trials reveal strong bottom-up effects for the P. manihoti system, such that nitrogen and potassium additions are propagated through to higher trophic levels and increase development and fitness of its A. lopezi parasitoid. Field surveys on the other hand indicate that mealybug performance is highly species-specific and context-dependent. For example, field-level abundance of P. jackbeardsleyi and P. marginatus is related to aggregative measures of soil fertility, soil texture and CWB disease incidence. While, for P. manihoti, in-field abundance is largely associated with soil texture (i.e., silt content) or water-holding capacity. Principal component regression suggests that P. manihoti and P. marginatus are disproportionately favored in low-fertility contexts, while P. jackbeardsleyi prospers in settings with high organic carbon and phosphorus.
Our work thus shows that (1) potted plant fertilizer trials reveal the extent to which single-element additions of nitrogen (N) and potassium (K) benefit P. manihoti growth, while increasing fitness of its parasitoid, A. lopezi; (2) field-level abundance of all three invasive species does vary greatly along a soil fertility gradient, with different mealybug species responding to particular soil fertility measures; (3) top-down forces (i.e., parasitism by the recently-introduced natural enemy A. lopezi) shift in importance between varying soil fertility contexts.
In conclusion, our work reveals how trophic regulatory forces (i.e., resource-mediated drivers, parasitoid attack) greatly affect performance of three invasive mealybugs in Asia's cassava cropping systems. Important species-specific and context-dependent patterns can be detected, with P. manihoti biological control being strongly dependent upon site fertility and soil texture. Plant nutrient availability, N in particular, appears to affect multiple trophic levels -i.e., both herbivores and parasitoids alike. Soil fertility and plant quality variables, either singly or combined, should thus be taken into consideration when developing invasive species management and biological control programs. Our findings from smallholder systems in the tropics underline that agricultural pest management need to be addressed in a holistic and integrated fashion, and that it is essential for biological control practitioners to engage in interdisciplinary communication and collaboration.
